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	 Two	genes	showed	strong	S.	sclerotiorum	induced	increased	expression	in	only	OxO	during	the	entire	time	course	from	4	to	24	hpi,	but	not	the	other	genotypes	and	treatments;	and	these	two	genes	were	slightly	down	regulated	by	OA	treatment	(Figure	4.3).	The	annotations	of	these	two	genes	were	“tonoplast	dicarboxylate	transporter”	and	“AAA-type	ATPase	family	protein	BCS1-like	protein”,	both	of	them	involved	in	translocation	through	the	membrane.	The	tonoplast	dicarboxylate	transporter	was	reported	to	participate	in	organic	acid	metabolism	and	regulating	cellular	pH	homeostasis	(Hurth	et	al.	2005).			 As	for	the	membrane	trafficking-related	genes	(Table	4.2)	that	were	more	induced	in	OxO	at	4hpi	in	the	RNA-Seq	study,	four	of	them	were	similarly	induced	in	both	genotypes	across	all	the	time	points	in	the	qRT-PCR	study,	two	more	strongly	and	earlier	induced	in	OxO	but	similar	for	later	time	points,	one	induced	only	in	AC.	So	very	likely	they	were	common	responses	to	S.	sclerotiorum	infection,	but	how	much	their	expression	would	be	affected	by	OA	was	still	ambiguous	since	it	was	reported	that	there	is	not	a	large	difference	in	OA	levels	between	the	two	genotype	at	24	hpi	(Davidson	et	al.	2016).	In	addition,	the	two	genes	analyzed	to	represent	autophagy	were	not	induced	consistently,	thereby	not	allowing	for	the	validation	of	the	hypothesis	supporting	for	the	occurrence	of	autophagy.			 	
Conclusions		 Ninety-one	genes	were	selected	from	the	RNA-Seq	result	and	further	analyzed	with	Fluidigm	qRT-PCR.	Several	extensions	of	the	study	were	made	based	on	the	results	of	the	previous	experiment,	including:	extending	the	time	points	to	include	12	and	24	hpi,	adding	W82	as	a	soybean	host,	adding	inoculations	with	S.	sclerotiorum	oah1-mutated	strain	to	look	at	the	non-OA	effect,	and	treating	soybean	tissues	with	a	pure	OA	solution.	Although	comparisons	of	the	qRT-PCR	results	and	RNA-Seq	based	on	the	Spearman	correlation	coefficient	were	not	desirable,	most	genes	exhibited	the	same	directions	of	expression	changes,	validating	their	biological	responses.	Averagely,	the	genes	showed	higher	correlations	between	qRT-PCR	and	RNA-Seq	in	OxO	than	in	AC,	reflective	of	the	fact	that	most	genes	were	selected	due	to	higher	inductions	in	OxO.	In	addition,	most	genes	changed	in	expression	fairly	consistently	between	the	expanded	time	points	and	
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treatments.	There	was	no	obvious	enhancement	of	the	oah1-mutant	virulence	by	applying	exogenous	OA	solution.	In	addition,	the	transcriptional	changes	in	W82	inoculated	with	the	oah1-mutated	S.	sclerotiorum	were	generally	weak,	which	was	very	likely	due	to	the	inability	of	this	mutant	to	successfully	penetrate	cell	walls	(Liang	et	al.	2015).	Not	consistent	with	the	RNA-Seq	results,	membrane-trafficking	related	genes	and	autophagy-related	genes	showed	no	obvious	expression	differences	between	two	genotypes,	which	made	their	roles	in	soybean	resistance	still	uncertain.																									
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FIGURES		(A)	
	(B)	
		(C)	
	Figure	4.1	The	phenotypes	of	different	soybean	genotypes	after	being	infected	with	different	S.	sclerotiorum	strains.	(A)	AC	infected	with	1980	wild	type	at	24	hpi.	(B)	AC	infected	with	1980	wild	type	at	48	hpi.	(C)	OxO	infected	with	1980	wild	type	at	24	hpi.	(D)	OxO	infected	with	1980	wild	type	at	48	hpi.	(E)	W82	infected	with	1980	wild	type.	(F)	W82	infected	with	1980	oxaloacetate	acetylhydrolase-mutated	strain.				
	 96	
(D)	
	(E)	
	(F)	
	Figure	4.1	(Continued).				
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		Figure	4.2	The	log2	fold	changes	of	genes	from	RNA-Seq	and	from	qRT-PCR	results.	The	genes	were	selected	based	on	three	categories:		“OxO_more”	represented	genes	that	were	all	only	significantly	up-regulated	in	OxO	at	4	hpi	but	not	AC	at	4	hpi,	or	only	in	OxO	at	8	hpi	but	not	AC	at	8	hpi,	“both_genotype”	represented	genes	that	were	significantly	induced	in	both	genotypes	and	“miscellaneous”	represented	genes	that	had	other	kinds	of	interesting	patterns.	The	orange	line	represents	y=x.	The	correlations	were	calculated	based	on	“spearman”	method	for	each	category,	in	each	genotype	and	at	each	time	point.			
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	Figure	4.3.	Expressions	of	ninety-one	genes	in	qRT-PCR	and	RNA-Seq.	All	the	log2	fold	changes	were	resulted	by	comparing	to	the	mock	samples.	Column	names	indicate	the	genotypes,	treatments	and	time	points.	The	categories	on	the	right	represent	the	expression	patterns	exhibited	from	the	heatmap.	The	category	noted	by	the	red	line	represented	genes	that	were	not	responding	to	oxalic	acid	treatment	but	to	S.	
sclerotiorum	infection.							
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TABLES		(A)	
	(B)	
	Table	4.1	Experimental	design	of	sample	collections	for	fluidigm-based	real	time	qPCR.	(A)	For	soybean	genotypes	AC	and	OxO;	(B)	for	soybean	genotype	W82.	Bio	reps:	biological	replications;	1980	WT:	the	wild	type	S.	sclerotiorum	“1980”	strain;	1980	oah-	:	the	oxaloacetate	acetylhydrolase	mutated	“1980”	strain;	oah-	+	OA:	inoculated	with	the	oah	mutated	strain	and	simultaneously	treated	with	100	uL	50	mM	oxalic	acid;	OA:	only	treated	with	100	uL	50	mM	oxalic	acid;	Mock:	inoculated	with	PDA	plugs	without	fungal	mycelia.				
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	Table	4.2	Expressions	of	genes	involved	in	membrane-trafficking	processes	and	autophagy	in	qRT-PCR.	The	numbers	listed	were	log2	fold	changes	compared	to	mocks.	Yellow	color	indicated	up-regulation	with	higher	than	1	log2	fold	changes.	Green	color	indicated	down-regulation	with	lower	than	-1	log2	fold	changes.																					
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APPENDIX	A.	SOYBEAN	DEG	LIST		Sheet	1,	a	list	of	all	the	876	genes	that	were	differentially	expressed	in	at	least	one	comparisons.	Sheet	2,	a	list	of	genes	that	were	differentially	expressed	by	S.	sclerotiorum	inoculation.	Sheet	3,	a	list	of	genes	that	were	differentially	expressed	by	time	points.	Sheet	4,	a	list	of	genes	that	were	differentially	expressed	by	genotypes.	The	Appendix	is	attached	as	an	excel	file	named	“Appendix	A.	soybean	DEG	list”.																									
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APPENDIX	B.	DEGS	BETWEEN	GENOTYPES		Sheet1,	DEGs	that	were	significantly	induced	in	OxO	at	4	hpi	but	not	AC	at	4	hpi.	Sheet	2,	DEGs	that	were	significantly	induced	in	OxO	at	8	hpi	but	not	AC	at	8	hpi.	The	Appendix	B	is	attached	as	an	excel	file	named	“Appendix	B.	DEGs	between	genotypes”.																										
	 115	
APPENDIX	C.	S.	SCLEROTIORUM	DEG	LIST		2,948	S.	sclerotiorum	genes	were	selected	out	as	statistically	significantly	differentially	expressed	genes	(DEGs)	between	in	plant	and	axenic	culture,	with	a	cutoff	of	FDR	<	0.01	in	at	least	one	comparison	and	mean	CPM	>	10	in	one	treatment.	The	Appendix	C	is	attached	as	an	excel	file	named	“Appendix	C.	S.	sclerotiorum	DEG	list”.																										
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APPENDIX	D.	S.	SCLEROTIORUM	POTENTIAL	EFFECTORS		Appendix	D.	160	S.	sclerotiorum	DEGs	considered	as	effector	candidates.	The	Appendix	D	is	attached	as	an	excel	file	named	“Appendix	D.	S.	sclerotiorum	potential	effectors”.																											
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APPENDIX	E.	QRT-PCR	RESULTS		The	results	for	qRT-PCR	validation	in	the	Fluidigm	microfluidic	array	for	genes	selected	from	RNA-Seq	results	based	on	several	criteria.		The	Appendix	E	is	attached	as	an	excel	file	named	“Appendix	E.	qRT-PCR	results”.		
